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Phylogenetics of the Daphnia longispina complex in Tibetan lakes
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Abstract: To understand the phylogeography of the Daphnia longispina complex (consisting of three spe-
cies: Daphnia longispina, Daphnia galeata and Daphnia dentifera) in the lakes of Tibet, we amplified the
mitochondria COI sequences of the Daphnia longispina complex from Tibetan lakes and compared these
with sequences from GenBank (containing Daphnia longispina from Europe, Daphnia galeata from the low
altitudes area of eastern China, and Daphnia dentifera from Canada). Results showed that there is significant
differentiation within Daphnia longispina, Daphnia galeata and Daphnia dentifera in the lakes of Tibet. The
genetic diversity within Daphnia dentifera is 0.33-2.32%, 0.33-2.74% for Daphnia galeata, and 1.33-5.50%
for Daphnia longispina, representing the largest among the three species. Both Maximum Likelihood and
Bayes trees based on mitochondria COI sequences showed that the Daphnia longispina complex was com-
posed of three obvious clades, corresponding to Daphnia longispina, Daphnia galeata and Daphnia den-
tifera, respectively. The genetic diversity among the clades was 9.40-16.98%, according to a Kimura
2-parameter model. Haplotype network based on the mitochondria COI sequences showed that the Daphnia
longispina complex was composed of three branches, corresponding to Daphnia longispina, Daphnia galeata
and Daphnia dentifera, respectively. Early Chinese records showed that Daphnia longispina was widely dis-
tributed, but in this present study, Daphnia longispina only appeared in Lake Bangongcuo, and Daphnia
galeata and Daphnia dentifera were more widely distributed. Because of the difficulty in morphological
identification as well as the lack of molecular data in early investigations, the early records of Daphnia long-
ispina in China were probably confused with Daphnia galeata or Daphnia dentifera.
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KM A2 Fr A I B B, = RT3
W] PR 5 A B AR A R RN T B R H b
MY, AFEMEE. REH. WEHMELZH
(Dumont & Negrea, 2002). H fj 4= Bk LH1E95/5620
Fh(Forro’ et al., 2008), {HIX %07 # A NI KA
TR YA 2 BV . Korovchinsky(1996) 1A A A
A 45-5000 [ A% F R Fh 245 3] 52 B R, 1) Fe At
PSSR A B, FF B OKHES 4 Bh 2 47 £ Fa
(cryptic species).

% J& (Daphnia) & B 1 K AT TE e A |2 177
WEshY), BT HERIE R e UL RAERKAES &R
45 v I R Bk 3t A7 (Hutchison, 1967; De Meester,
1996), & IVE 2 Mk O Iz AR AR,
M TAYEEY, 8% AR 1)
9% (Hebert, 1978; Lampert, 2011). 4RT0, W&J& 1%
B EREAE, T8N AFEMER 72N
&40 1 i — /> i 40 (Benzie, 2005; Kotov,
2015), Hor R AR T ZFE KA LR JUAG (1) M4
HMEAEAIR, 5l 2 52 P05 5 ) 3 350 () Sk 25 1)
TR S K & R 1A K); QI TIRAEE
(VAR 73 FR AN 2 5 (3) Tl ) A BB BS AN 52 4, AN
BT DL R T AR, (4) Atk iz, ANAE
— /NI IX R IR R AR bR AR AR A 58 AR R H o 2 5
FHE (Adamowicz & Purvis, 2005). BE# 7> T EW%
H&FIEMNE G, e KERF LI, W
D. lacustris. D. cristata, D. hyalo%s(Petrusek et al.,
2007; Petrusek, 2007); 13T [A] 5 i A7 1) % 58
WG R INE AR S WM. B8 VF 2 2L
5 4 F(complex species) 117 A7 7E (Benzie, 1988;
Kotov et al., 2006), #1475 &+ (Daphnia long-
ispina complex). FR¥EE GF(D. pulex complex).
7 iR 9% 2 4 Fh(D. carinata complex). [A]JE/&E A Fb
(D. similis complex). Jig#&E & F(D. laevis com-
plex)%%(Giessler, 1997a; Mergeay et al., 2008; Dlouha
et al., 2010). 7EXLEEE AR, KFEE G0
&, FhRtR %, HESMEREKRED. long-
ispina). f&1iE#%(D. cucullata). %7 (D. hyalina).
%% M 3% (D. galeata) . #0l ik v (D. dentifera) . D.
mendotae . D. rosea. D. thorala. D. umbra %%
(Colbourne et al., 1998; Petrusek et al., 2008).

HAT, B IE et R 52 A b B R R 734k
52 it HE R KRB R, KRNEE S R

BT b 5 1 R B VA B B A S, ARAT G B
) o A J5E A% &5 ) 2 30 B 5 1) 431k (Giiessler, 1997b;
Skage et al., 2007; Ventura et al., 2014). Ishida%
(2007, 2011)FI) FH Z& ki 44 5 1% 5L R 72 K& R &
Tolt A FRT LA b 28 (25 204 38R 200145 38 1 43 F R 82,
RIIH AL X 1 25 70 33 N 20 145 VR L 55 DU 22 UK 1% 3
HAAEFRRB B IR, e H A B 2 A i 25 B A0
A 1 2 0 A A IS S A SR AR AR R, A 2
LI I Ak, 28 8 32 B0 A TR A i G b
X, T 200 iA 93 3 A AT T e 4 B B i AR X
(Allen et al., 2010; Mést et al., 2013). TR, FK[E
LEFR T FB ORI, KRBT AR
BE-F S X, S0 8 AT T DU D 2 9 e R (Ma
et al., 2015), FR I AT Vb X ) 25 2 3 51
JiR b X P 2R B () B A (1 4, 2013). (Rt 57
e DR AR T A 5 DA B T BB S S A A 2 b X ) A
R Z RN S P P R b X A 2 B X 5 Ay
(7655, 1983). #R1M, Ma%s (2015) Mt L& A
T VU XA A T3R8 14 70 AT, R kK R A
T M X5 7R 387 R b X P ot L AE 9, £ %% (2013)
BT T IR AE VE B X 5 7 R X 404k, 2
AW KA KRR A LA
R A AT A PO R S Ak X
CARERMFIEE, PS> TRESW7E, B
FRANBE AR IR SR MBS
555 JEHB X 3 A0 IR BEAEAE 73 AL, DA SAS [ ] )
I ZE SR AR, FEHIAE RN MR 4340 A 2
Y AT SR T R i A
1 Hk
1.1 #amRESDNARE

20134F-8 H 7E 7h il th [X HL i A 1 4240800, 78
IS R IA A, (AAEIEA R JURE. &
G0 B EER RTINS AN ORI T KRR R
AR E. KRR, SIR%R). #H200 pmff)iz
e sl ) W 2 2 46 WX 3R AT FE R4, FH95% LB
[l 58, 4°CUKFELRAT

FEA L LA AN ) B A Af 5 85 R B0
AL EAME . TR 52, fESEEDNA
T 2 FH KB 1 2 28 45 0 i 44, A Ultra-Sep Gel
Extraction Kit i 5] & (OMEGA 4= # /A &) $2 Bt
DNA. EARMIREUT 5SS H 104655 (2014), $2HLH)
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DNAE T—-20°CUKFE15-1%
1.2 COIFF 5N

COIZE A ¥ 1 5] ¥4 LCO1490 (5' GGT CAA
CAA ATC ATA AAG ATA TTG G 3)HIHC0O2198 (5'
TAA ACT TCA GGG TGA CCA AAA AAT CA 3)
(Folmer et al., 1994). ¥4 s M S AAFIA30 uL, £
#: 3 uL 10 x buffer, 1.5 mM MgCly, 0.2 mM dNTPs,
51%%05 uM, 0.5 U Taqfif(TaKaRa)fl3 pLAitx
DNA. ¥ 32 N95°CHIALEL min; 95°CAE 1L
min, 94°CAZM£40 s, 51°CiB k40 s, 72°CZEH1 min,
JLI5/MEIR; 72°C 5 minFe  IEMI4CEE R, G re
MW KRIN S, &R E RS H S PCR R
NEPEPE A RFER (7 M) 2lidk, FE . B A
PR AA T, E R A B JE R E 43 B T 51

REASPIEEIN 7 3843 1045 COIE A /57 77 (55 26 COI
FER P20 S AANANME), 3E5056 791, 2 Rl
TN ARFI P F S, S T 00 FANR (7 51)
NOMN(EK) . AR HEA A, FESR24, FTInTE4E2
A, UUELAS, R 2.
1.3 HIBLIBFMARZFE S
1.3.1 ¥IRALIE

I 7 3R 43 1 COL 3 (K] 7 471 S 7 NCBI U4 g

®1 KRZESHMEUILARFIIER

BEATBLASTH & Xy BLORIE A Y AT SE 1 . 53 1E
GenBank £ # & o R 894 O R RIGKHEE & Fh
[FICOIEE R 7 41 (1), Aok B B E AR ECHEE R IX
MBI AESE RSV B AN W K RV 55 1 41
F BioEdit 7 %t A I By (¥ Clustal W EL X #5145
S 3R A (1 A1 GenBanK A 2 (1) COE [ 7 471 i3k 47
[FR EERE, N TR, 23R 6 0 51 4 45 6 67 s )
BT, SRAFIICOIEE 7 51 H F 04T

COI S K] [ 41 22 e A 50 5 0l 72 [ 46 1) 22
(fixed differences)?tDnaSP 5.10% {4 (Rozas et al.,
2003) M it 5. 2 A BB IE 4L Rk . BRIE B AR LA %
Witk 2 R EEMEGA 6.06 (Kumar et al., 2008)%
ooy b, Lo s AR 22 7 SR H Kimura XS £
(Kimura 2-parameter SN 115, SHRE
wiR: AR Al 7 H %% (bootstrapping meth-
od), iZAT K H 1,000, A% H TR 5 AL A5 B 45 A A
e, 7 AL R B R EAG A, MHIBRSRAL R
FEHAPLOVIEWER H 4] 2 5% 714 [ 2 €] (Salzburger
etal., 2011).
132 REFESH

TEREAT R 5y W 2 11, FAMrmodeltest 2.3%k
FEXFE8 1R X S P B a3 AT AICBOE A% R B

Table 1 Geographic and genetic characteristics of 18 Daphnia longispina complex populations

PR = I %R R GenBank &35 JFHIHRIE
Location Latitude Longitude Code GenBank accession Sequence source
%% Daphnia galeata
%58 Cuoe, China 31.63°N 88.67° E CE1 AWEFT This study
£58 Cuoe, China 31.63°N 88.67°E CE2 AHEFL This study
FINT=4E Dajiamangcuo, China 29.65° N 85.75° E DJMC1 AHFFE This study
T4 Dajiamangcuo, China 29.65° N 85.75° E DJMC2 AHFFE This study
1% 3] Luoma Lake, China 34.07°N 118.11° E HC3 KM555356 GenBank
P West Lake, China 30.15°N 120.08° E HC2 KM555355 GenBank
ENH Baoying Lake, China  33.10°N 119.14°E HC1 KM555354 GenBank
#ithi% Daphnia dentifera
VikS Chencuo, China 28.88°N 90.47° E ccC AHEFT This study
Hi=i Lasahe, China 29.68° N 91.28°E LS1 AHFFL This study
$i=i Lasahe, China 29.68° N 91.28°E LS2 AHFFL This study
M Naqu Lake, China 31.48°N 92.05° E NQHA KM555369 GenBank
Canada CND FJ427488 GenBank
¥ ZMF Gesanggiao, China 29.65° N 91.12° E GSQA KM555366 GenBank
K3l Daphnia longispina
PEAHE Bangongcuo, China 33.71°N 78.81°E BGC1 AWFF This study
HE/A4E Bangongcuo, China 33.71°N 78.81°E BGC2 AT This study
Sweden DEM EF375861 GenBank
Germany H29 EF375860 GenBank
Switzerland SZL EF375862 GenBank
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A5 0 5 1% (Posada & Crandall, 2001; Irestedt et al.,
2004), 193 ERA GTR+G. N7 RS
fRIA 48 MrBayes v.3.1.2 % f4(Huelsenbeck &
Ronquist, 2001; Huelsenbeck et al., 2001)+ & /R &}
Tt 1) SR A5 R 71 (MCMC) 5E 1, S0 E n
N [RINERAE 4 % BRBEREE, B 3 SR HVEEAT | 5%
A8, CLRENLA v dat, iz4T 2,000,000 X,
100 fXHMAEE L Ik, R 1 K. fEEFEWER
(burnin sample) J&, HR 48 78l A AR A 1 2 — SO
(consensus tree). LAJiE 45183 (posterior probability,
PP) R 7R % 73 SCII AT B2, 95% LA F I A 1%L
A5 . F K ALK (maximum likelihood, ML) ()
RGP R AE Paup* 4.0 beta 10 (Swofford, 2003)
A EisAT, T B K4 Z (heuristic search)
55100 REE {1 H 2453 H7(100 bootstrap replicates)
For 5 % 73 S BAB BE « IR IT VAR R ) R SR AL
JiT 34 B f) 41 % (out-group) 3 4 ¥ B8 1 3 1R 8% (D.
pulex), FTHEH NG RG M H Treeview
1.6.6 (Page, 1996) &/~ -4k .

2 &R

21 FHIEMSH

AT X 3R A 1925 COIE [R5 1 (CEL
CE2. DJMC1. DJMC2. BGC1l. BGC2. LS1.
LS2. CC), &IE#E A T4 S8 AFT 285240

TH, B A T BRI AR 2, 1T R
BRIV AB P ARI(RL. LRIKFHE
GenBank  #k 1K il 7% 5 A P COIIE A J7 5] LU Xt
g RIoR, HERTAIRMIEA + TE 5E(55.0%)0
TG + CEHE(45.0%), J74IA ] IR B S (L FE
Bk 5 ELIALA) 6174, o {RsF A7 254881,
AR AL K129, AL 9N, TR 201E B 120
N

ITo

22 COIEREEEFEER

UG MR N 8 AR 22 7 R R0.33-2.32%, %
T % h0.33-2.74%, K il ¥ 5% i, 91.31-5.50%
(F2-4). ZEIGRE AT Z LA V28 1) P (] i A% 22
5% 89.40-16.98% (#£5), 14 e/ ik (sifsv)
$N3.06, LA EW W m T A 3RS
il 1b 22 S 45 R 7 39014 3 (DD) 4 A 25 T 8% (DG)
Iy B A 2 S K, NT9(80.61%), A% A AT
107, fRiZ945 BT 1984, #5ik & (DD) 4L A K
T (DL) 4 F /)N, 932(49.23%), 48 S 47 A N85
A, fRIZ15 BAL S 654 (35).

P i Hh [X R 75 194 COI & [K] [+ 71| flGenBank
RSN T A FICOIE 7 41 3L 7= 42 15
AN, PRI BN (L), KEERES
Pl EH3AN B R 1R 20 SCALRR, o0 B KR . 25T
B RE . Hod, FTINTE R R I IR 245 7 4
JEF R — AN B AL, BEN AR KRR R — AR e

&2 MR (Daphnia galeata) FEEiE) (X ALk T) FIFEE R (3T k) RIEE ZE 7 E (%)
Table 2 The genetic differentiation (%) between (below the diagonal) and within (on the diagonal) Daphnia galeata populations

HC3 HC1 HC2 CE DIMC
HC3 n.c.
HC1 0.33+0.23 n.c.
HC2 2.15+0.57 1.81+0.53 n.c.
CE 2.74 £ 0.66 2.40 £0.63 0.90 + 0.36 0.16 £ 0.15
DJMC 2.49 +0.62 2.15+0.59 0.65+0.33 0.90 +0.37 0.16 +0.15

RS R L

The population codes are the same as those in Table 1.

#3  KHI;E(Daphnia longispina) FEE] (3 A4 T) FIFBE N (G A L) BRI E R E (%)
Table 3 The genetic differentiation (%) between (below the diagonal) and within (on the diagonal) Daphnia longispina populations

DEM SZL BGC
DEM n.c.
H29 1.81+0.53
SZL 1.81+0.54 1.31+0.43 n.c.
BGC 5.50 £ 0.92 4.88+0.84 4.62+0.80 1.62 +0.51

TS IR,
The population codes are the same as those in Table 1.
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R4 HiAE(Daphnia dentifera) FhEE(E) (XF A 2k T ) FIFREE A (X A 4 BYIE R E = E (%)

Table 4 The genetic differentiation (%) between (below the diagonal) and within (on the diagonal) Daphnia dentifera populations

CND NQHA GSQA LS cc
CND n.c.
NQHA 1.98 +0.55 n.c.
GSQA 2.15+0.60 0.49 +0.30 n.c.
LS 2.32+0.60 0.65+0.30 0.33+0.16 0.65+0.32
cC 2.15+0.60 0.49 +0.30 0.00 0.33+0.16 n.c.
RS L.

The population codes are the same as those in Table 1.

Hiikiith

Daphnia dentifera

HIEE
Daphnia galeata

J ik

Daphnia longispina

Ell ETCOIEEFIMZIMKRIZE SR ERNEE(ETFHFRRT ENINTHIREHE). EfIPHNEES IR
Fig. 1 Haplotype network for Daphnia longispina complex based on mitochondria COIl gene sequences. Numbers between sub-
networks represent the average number of mutations between subclades. The population codes are the same as those in Table 1.

#=5 KHRE & (Daphnia longispina complex)Fig)Fnf
AR RERE (%) RAZMMALZT)RESMHE SRS
BHEER (A% L)

Table 5 The genetic differentiation (%) between and within
species in Daphnia longispina complex (on the diagonal and
below the diagonal) and the fixed differences among these
haplotypes (above the diagonal)

DG DL DD
DG 1.46 £ 0.31 71(67.62%) 79(80.61%)
DL 16.70 £ 1.72 3.66%0.59 32(49.23%)
DD 16.98 + 1.87 9.40+1.12 1.01 +0.24

RE NP TR LINFE . DGRD. galeata, DL/Z D. longispina, DD
#&D. Dentifera.

The code is the abbreviation of the species Latin name. DG is D.
galeata, DL is D. longispina, and DD is D. Dentifera.

B22NAFE AR, B2 BB s N 2R 5
R 1 X B35 Y 51) 22 S 50 ] PN 5 T 988 0 30015 V88
FFHIK
23 RGEEDW

B RALSRIER B () R G 5 DU R 4

B [ 2 SO AR — 5, A — R R R (K12),
H 2 3N B R SRR, 23 Sl %o LA e 2
BB . 3AN K 143 S DL S RVE AR B S
IOMER = 0.9, FOAKRUAEIG BN B 2 E B =
70%, ViEAE o S B TSR
3 g
31 KHBREESMAITSL
KilEEGMERE S im A 2R
S i a8 NGV YN E | SN S A T R
Wik, PR RLRI Sk AR LI R, o FAFIEAS B B
(Benzie, 2005), &4t 432507124 LUK RS
FRIAEAE . SRRAADNALE A (1 BE 8 4, BA
SRR, RPN RHE, ISR P AR
A R INAETE A2 _EXE LLIX 23 (R ZEDNA
KPR ZESR, HiEd T ESE, @ YE
ANTE o 2R BIE I oy 2K bR v, EDDNAZ TS (DNA



5% 6 RIS PHRGHNE KRR R SR R G R 789
0917 HC3
70 [ | HCl
0.99
HC2 .
i SR 330
CE2 Daphnia galeata
0.97 ' CEl
62 ‘ DIMC]I
100 {
1 09' DIMC2 —
86.6 .79~ DEM
0.81 L H29 ‘
66 [ L Kk
096 - SZL | Daphnia longispina
87 | 1 - BGCI |
0.96 | — BGC2 ~
| ‘ g7 r— CND
0.99| . NQHA ‘
Hi GsQA | mim
0-&%5”-' LS1 (" Daphnia dentiferea
0.88| Ccc
~ LS2
100 NZPL487 FRE
{E
I | NZPL486
0.08 Daphnia pulex

E2 ETCOIERAFFMEKRZEAMIMMAZKSRAURERGRASHELN, NHETRGHNFIEHEEPP)F
BRATMAE R G LRI H) B 2 X HF 2 (bootstrap values)(B A B)R TR XH L. EFHES ARIFCOIFIIRS.

Fig. 2 Bayes and Maximum Likelihood phylogenetic tree of Daphnia longispina complex based on mitochondria COIl gene se-
quences. Posterior probabilities (Bayes tree) and bootstrap values (Maximum Likelihood tree) are shown above the nodes. The popu-

lation codes are the same as those in Table 1.

barcodes)(Hebert et al., 2003a). COl H: K& 1 ] &
JZ WIDNA%TY, 153 T GenBank MIBOLD 3% K )
i, ARFER AT Lol i COIE R %=
S B SR E A K (K2P XS KA . F SN I
LT3 22 5 B 17.16%, B A 2R iR 18 N
ol [a] - 15 72 S 5 e K, A2 4K [ 2 13.18-30.56%,
- 35 151 1K 25.28%, W JE RN B N 4.3%, T3
1.32% (Costa et al., 2007) . AHF 5T I8 COIJE A #4728
M RGW R, KRS A P34~ B Rk b S 4
J, o B KB BRI R (E2), —#F
2 [B) ) 38 A 22 S FE (K2P XU 2 5 Y ) 249.40-16.98%
(3R5), iz = T AP N T35 72 7 FE(0.46%),
e TR JE P N B A 2 S (4.3%), AVRIA BIE
J& Bl i 8] 73 01 27K °F (25.28%), HH Kl S
FA R (13 A% BE B A 9.4%, L EAK T B Fh2hh
18] 73 Ak B A 7K °F-(13.18%) (Costa et al., 2007; Ada-
mowicz et al., 2009), ¥iBHIX3/NEJEFIERM A
TR BRIz ), #CAE G AL .
32 AEmMXKRIZE &L

AR RN, KRS S M oA 134

P, BRZE AR KRR AN SN, 75 PU L IX 3
G3 AT o T R DX Y T AR A A T v A T AR
114, A2 EA AR SR X 2
—, R ke BRI A R K
PR i s R 8 (X (5K 4k 7K %%, 2008) . AR EL 14054
WIE, (PAFESE A HE . UUET . BB E5 58T
TSN ORI T KRR AR AN R
$5 72 5 PEE S v TR S N ISP 27K S 1.32%, Ui BH 2%
RN S 9% BRI IS BRI 74k, (HE 2L
AP R o AL AR A 2 A0 R ) FL At
Fkd g &8, 635D, ambiguafiD. laevisFh
N [) b 3 43 A S H 1) 26 R R DNA ) 73 8¢ Pt #8
120, 3RS B2 3 B0 3 2 [ (Taylor et
al., 1998; Hebert et al., 2003b).

BRI, KRR 74 O 3 e Fh N
I A 22 R R (4.3%), =AM Fhibt AL 22 R B AN R
AT RS H 7 sy O A A Ak SR A % B DU 22 UK,
BEAE UK IS BRI, AETT R e it AR X 4 0k 5 78
i, AT 23 A T R AR TR 88 R O 2 b Vi S Y
MR P72 B ER PR, =4
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b X B BRI 25 44 09 0K B 2E 9k X BT (Sommer &
Zachos, 2009), Kt 5 4 W ith X f K o) 3k 2k 2 22 Wi
MU SR, S8 DULE VKIS st A3 i 1 B%, B
P05 A AR o R AR, S AR X 1 2
MFEAN SRR Y B EibX, 513k
43 A 1) 30 U 38 Fh kA= 3 [ @il & (Ishida & Taylor,
2007), i %5 5 tH UK TR ok 1 s B A6, oA T
AN TR A=y M T K SR8 52 b 43 A Bl 2 iR
b, AKE UG FEEZE AL UKIHE ), {575
ANFX R B R BRI RIS, 72T
SO, TR T H T R GRS o

33 HEKIZESMRSMMIBZSHIZE

SR T 3 A R 1 b B ) A BF T AT 3 T
AMAE LSS E, (BRI AL
25 20 % 58 o R M (Kotov, 2015), =& MWIES L
HMECLIX 43, 25 5 IR, Forb 200 8 1 5 e 8 5 A
A B RRAE (RE AR 29 5 55 14 IR &5 #4)  (Benzie, 2005),
T HEARREAIE WA 5 345, EAE381 S8k
W VJHND. rosea. H3/19964F, Taylors(1996)i i
12S rDNAFIEE A7 B0 K % 52 & kAT 7, A
W24 3 MALZE 1D, roseart £ 7 3k o 1 L1 4
RN KRB AR, EFRE 58 4 FiHy
X #7041 CE ARG g g 1, 1979); T4 i
PR3, DA KC S IR A 0T 7Tk = 2 AR Y B B S
B, A B PR 25 3R B 0 S B BRI 4
o, SLhr B AT AR ECE U,
FEANG 3 B LA X 3 RO VE AR IR o T 30 A 401
Z 40 M B 2 0T 9 RO (MR 4%, 2013; Ma et al.,
2015), ZRR S5 HABERE N AAE), £EMa
25 (2015) 5% HH ] 4 A7 (1 K 2 A R R 7T, 18
ANFREE B RBLK R AT -

TEAHIE T8 Hp K 38 A PR PE A B A R,
RIFEARE RERFEMIVE. WA BE, BEE
FEAT T AR AARES BERP JE X, T 350 05 38 70 AT
TV R 0 R A L X, X S Ishida®%:(2011)
(RRIE T &5 RIS, 25 20 0% T A TG 26 5 sl
PRI, 39004 3 32 B 50 A0 T i 20 P B g R L [X
W B R 2 s e K R A P A I R B R 2
— o FEIANE A T oA (IR B R R KA R, T
F901A 18 3 B4 A T iR B B 1) 755 LU VA (Spaak et
al., 2012). BRibz 4h, fREH & E I RKIRE I
KA A K 3 A R A R R R R, 252
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